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(g) Focus ring for semiconductor wafer processing in a plasma reactor. 



(57) The disclosure relates to a plasma rector 
(102) for processing a semiconductor wafer 
(110), the reactor having a pedestal focus ring 
(114) surrounding the periphery of the wafer for 
reducing the process etch rate near the wafer 
periphery, and plural opening (126) through the 
pedestal focus ring which permits passage 
therethrough of particulate contamination, 
thereby reducing accumulation of particulate 
contamination near the wafer periphery. In 
another feature, in order to reduce corrosive 
wear of the chamber walls, a removable gas 
distribution focus ring (170,172) shields the side 
walls of the plasma reactor from reactive gases 
associated with processing of the semiconduc- 
tor wafer. 
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The invention is related to improvements in a fo- 
cus ring surrounding the periphery of a semiconduc- 
tor wafer in a plasma reactor, the focus ring protecting 
the wafer periphery from gases or plasmas which 
otherwise have a faster flow rate near the wafer per- 
iphery. 

Semiconductor wafer processing steps such as 
etching or chemical vapor deposition are often carried 
out using a plasma reactor and a focus ring around the 
wafer, the focus ring reducing the non-uniformity of 
the wafer etch rate which is caused by non-uniform 
plasma distribution across the wafer. Normally, the 
non-uniform plasma distribution is caused by the 
non-uniform gas flow distribution across the wafer 
and other factors such as non-uniform cathode tem- 
perature distribution and non-uniform electrical and 
magnetic field distribution across the wafer. A va- 
cuum pump in the bottom of the chamber continuous- 
ly draws gases out of the chamber in order to maintain 
a particular vacuum level in the chamber. The semi- 
conductor wafer is supported in a pedestal in the mid- 
dle of the chamber. The plasma rushing down toward 
the vacuum pump has a higher flow rate near the wa- 
fer periphery. In an etch reactor, the higher plasma 
density near the wafer periphery makes the etch rate 
at the wafer periphery significantly higher than at the 
wafer's center, which denigrates processing uniform- 
ity. Similar denigration of process uniformity occurs 
in a CVD reactor due to the faster gas flow near the 
wafer periphery. 

FIG. 1 illustrates a conventional technique for 
slowing down the process etch rate near the wafer 
periphery in a plasma reactor including a vacuum 
chamber 102 having chamber walls 104 with a slit 
valve 106 therethrough for wafer ingress and egress. 
A wafer 11 0 is supported on a wafer pedestal 1 12 over 
a cathode base 113. The downward direction of gas 
flow generated by a vacuum pump is indicated by the 
arrows in FIG. 1 . The wafer periphery is shielded by 
a focus ring 114 resting on the pedestal 112 and sur- 
rounding the wafer periphery. The focus ring 114 ex- 
tends above the wafer periphery by a few centime- 
ters, typically, and the focus ring 114 is supported by 
a lift mechanism 115 which can move the focus ring 
1 1 4 up enough to allow the wafer 1 1 0 to be transferred 
between the load lock and the chamber. The lift 
mechanism 115 has several moving parts including a 
lift cylinder 115a surrounding the cathode base 113, 
a lift spider 115b within the cathode base 113 and lift 
pins 115c supported on the lift spider 115b and ex- 
tending through vertical bores in the wafer pedestal 
1 1 2. The cathode base 1 1 3 has internal spaces which 
permit vertical movement of the lift spider 1 1 5b within 
the cathode base 113. A window 115d through the lift 
cylinder 115a permits the wafer 110 to be transported 
through the slit valve 106 to the wafer pedestal 112 
whenever the lift cylinder 115a is sufficiently raised 
to align the window 115d with the slit valve 106. 



Whenever the lift cylinder 115a is so raised, the lift 
pins 115c extend sufficiently through the bores 112a 
to slightly lift the wafer 110 above the pedestal 112so 
as to permit a wafer transfer blade (not shown) to slide 

5 beneath the wafer 110. 

While the focus ring 114 does tend to slow the 
process etch rate near the wafer periphery, it creates 
another problem in that it tends to trap particulate 
contamination 116 near the wafer periphery. Such 

w contaminants can reduce die yield near the wafer per- 
iphery. Particulate contaminants can be trapped by, 
among other things, moving parts inside the vacuum 
chamber 102 such as, for example, the lift mecha- 
nism 115, which are necessary for wafer positioning 

15 and wafer handling. 

Accordingly, there is a need to eliminate the 
build-up of particulate contamination near the wafer 
periphery by the focus ring 114 without surrendering 
any of the advantages of the focus ring and to remove 

20 the moving parts including the lift mechanism 115 
which move the focus ring 1 14, in order to reduce par- 
ticulate contamination. 

A related problem with plasma reactors is that by- 
products from the reaction between the processing 

25 gases in the chamber and the semiconductor wafer, 
as well as the processing gases themselves in some 
cases, tend to corrode the reactor chamber walls 104 
and other parts, requiring that these components be 
replaced periodically at great expense, thereby great- 

30 ly increasing the cost of operating such a reactor. 
Therefore, there is a need to prevent such corrosion 
or wear of the chamber walls without inhibiting the 
performance of the reactor. 

Moreover, contamination generated during wafer 

35 processing in the chamber tends to be distributed 
across all interior chamber surfaces so that the time 
required to clean the chamber and return it to produc- 
tion is relatively long, on the order of 24 hours for 
some designs. Cleaning or removing contamination 

40 from the chamber interior and returning it to produc- 
tion involve removing the wafer from the chamber, 
wet-cleaning the chamber wall and operating the re- 
actor as an etch reactor by introducing etchant gases 
into the chamber and applying relatively large power 

45 to the plasma. During this time, the reactor cannot be 
productive for processing wafers. Therefore, there is 
a need to reduce the amount of time required to clean 
the chamber. 

In one aspect, the invention is embodied in a plas- 

50 ma reactor for processing a semiconductor wafer, the 
reactor having a pedestal focus ring surrounding the 
periphery of the wafer for reducing the gas flow rate 
in the chamber near the wafer periphery and improv- 
ing the plasma uniformity across the wafer, and plural 

55 openings through the pedestal focus ring which per- 
mit passage therethrough of particulate contamina- 
tion, thereby reducing accumulation of particulate 
contamination near the wafer periphery. In another 
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aspect, in order to reduce corrosive wear of the cham- 
ber walls, a removable gas distribution focus ring 
shields the side walls of the plasma reactor from re- 
active gases associated with processing of the sem- 
iconductor wafer. 

The following is a description of some specific 
embodiments of the invention reference being made 
to the accompany drawings, in which 

FIG. 1 depicts a conventional technique for re- 
ducing gas or plasma flow rate near the wafer periph- 
ery in a plasma reactor by employing a focus ring. 

FIG. 2 illustrates one concept of the present in- 
vention for reducing particulate contamination other- 
wise trapped by the focus ring of FIG. 1 . 

FIG. 3 is a cut-away side view of a plasma reactor 
including one embodiment of a focus ring of the inven- 
tion. 

FIG. 4 is a partial cross-sectional view taken 
along lines 4-4 of FIG. 3. 

FIG. 5 is a partial side view of the focus ring of 
FIG. 3 as viewed through a slit valve of the reactor of 
FIG. 3. 

FIG. 6 is a cut-away side view of a plasma reactor 
including another embodiment of a focus ring of the 
invention. 

FIG. 7 is a partial cross-sectional view taken 
along lines 7-7 of FIG. 6. 

FIG. 8 is a partial side view of a focus ring accord- 
ing to a variation of the embodiment of FIG. 6. 

FIG. 9 is a partial cut-away side view of a plasma 
reactor including a stationary focus ring of the inven- 
tion. 

FIG. 1 0 is a top view of the focus ring of FIG. 9. 

FIG. 11 is a partial side view corresponding to 
FIG. 9 illustrating a tunnel and compartment associ- 
ated with the focus ring. 

FIG. 12 is a partial cross-sectional view taken 
along lines 12-12 of FIG. 11. 

FIG. 1 3 is a cut-away side view of a plasma reac- 
tor including a gas distribution plate and gas distrib- 
ution plate (GDP) focus ring in accordance with an- 
other aspect of the invention. 

FIG. 14 illustrates an alternative embodiment in 
which the GDP focus ring is an inverted truncated 
cone. 

FIG. 15 illustrates an embodiment in which the 
gas distribution plate has a sunken portion extending 
toward the pedestal focus ring. 

FIG. 16 illustrates an embodiment employing a 
horizontal GDP focus plate. 

FIG. 17 illustrates an alternative embodiment 
employing both a GDP focus plate and a GDP focus 
ring. 

FIG. 18 illustrates a variation of the embodiment 
of FIG. 17 in which the GDP focus ring is a truncated 
inverted cone. 

FIG. 19 illustrates an alternative embodiment 
employing a GDP focus plate and in which the gas dis- 



tribution plate has a sunken portion extending toward 
the GDP focus plate. 

Referring to FIG. 2, particulate contamination 
near the wafer periphery is reduced by providing a 

5 small passage 118 under the focus ring 114 through 
which the particulate contamination can be evacuat- 
ed, as indicated by the arrows in FIG. 2. For this pur- 
pose, the focus ring 114 in the embodiment of FIG. 2 
is suspended from an annulus 120 supported on 

w posts 122. A base annulus 124 resting on a shoulder 
of the wafer pedestal 1 1 2 supports the posts 1 22. The 
outflow through the opening 118 passes between the 
posts 122. 

A problem common to each of the embodiments 
15 of FIGS. 1 and 2 isthatanumberof moving partswith- 
in the chamber 1 02 are required in order to accommo- 
date the ingress and egress of the wafer 110 through 
the slit valve 106. For example, the lift cylinder 115a 
must move relative to the wafer pedestal 112 in order 
20 to align the wafer transfer window 115d therein with 
the wafer transfer slit valve 106 in the chamber wall 
104. Such motion generates particulate contamina- 
tion within the reactor chamber 126, thereby increas- 
ing the risk of loss of die yield due to such contamin- 
25 ation. 

The requirement to move the focus ring and wafer 
relative to one another is eliminated in the embodi- 
ments of FIGS. 3-19. In these embodiments, the only 
mechanical motion is the lifting of the wafer by the lift 

30 pins 11 5c to permit the blade entering through the slit 
valve 106 to pass beneath the wafer. The advantage 
is simplicity of design and reduction of particulate 
contamination. In FIGS. 3-5, the focus ring 114 rests 
on the supporting annulus 124, with front openings 

35 114a, 114b therethrough (see FIG. 5) facing the slit 
valve 106. The opening 114a has a width sufficiently 
greater than the wafer diameter (e.g., 200 cm) to per- 
mit egress and ingress of the wafer therethrough. The 
opening 114b has a with sufficient to accommodate 

40 the wafer blade. The annulus 1 24 has holes or orific- 
es 126 therethrough which permit particulate contam- 
ination to be drawn away by a vacuum pump 125. The 
annulus 124 has a downwardly extending ring foot 
128 nested on an annular ring support 130 adjacent 

45 the wafer pedestal 1 1 2. The holes or orifices 1 26 pre- 
ferably are spaced at ten degree intervals around the 
annulus 124 and are on the order of at least 11 0.5 mm 
in diameter. FIG. 5 is a side view of the focus ring 114 
as viewed through the slit valve 106, showing the 

50 openings orwafertransfer windows 114a, 114bfacing 
the slit valve 106. 

In the embodiment of FIGS. 6 and 7, the posts 
122 support the upper annulus 120 from which are 
suspended a pair of rings 114c, 114d. The outerfocus 

55 ring 114c extends all of the way down to the support- 
ing annulus 124, while the inner focus ring 114d over- 
lies a passage 140 through which particulate contam- 
ination is drawn towards the orifices 126. The outer 



3 



5 



EP 0 676 790 A1 



and inner rings 114c, 114d have wafer transfer open- 
ings orwindow pairs 114a, 114b and 114a', 114b', re- 
spectively, extending therethrough. 

In the embodiment of FIG. 8, the upper annulus 
120 is cantilevered from the outerfocus ring 114c and 5 
the inner focus ring 114d is suspended from the inter- 
ior edge of the upper annulus 120. 

In FIGS. 9 and 10, the focus ring 114 rests on the 
base annulus 124, with a front opening 142 there- 
through facing the slit valve 106 and a rear opening w 
144 therethrough facing the opposite direction. The 
front opening 142 has a width sufficiently greater 
than the wafer diameter to permit egress and ingress 
of the wafer therethrough. The rear opening has a 
width sufficient to accommodate the front end of a 15 
conventional wafer transfer blade 146 in the manner 
shown in FIG. 9. 

The openings 142, 144 may reduce the ability of 
the focus ring 114 of FIGS. 9 and 10 to slow gas flow 
near the wafer periphery. In order to avoid such a dif- 20 
f iculty, the embodiment of FIGS. 9 and 10 is improved 
as illustrated in FIGS. 11 and 12 by the addition of a 
tunnel 150 around the front opening 142 and a com- 
partment 152 closing off the rear opening 144. The 
tunnel 150 has a floor 150a, ceiling 150b and right 25 
and leftside walls 150c, 150d. The compartment 152 
has a floor 1 52a, ceiling 1 52b, right and left side walls 
152c, 152d and an end wall 152e. Preferably, the 
holes 126 through which the particulate contamina- 
tion is drawn off are located in the floors 1 50a, 152a. 30 

FIG. 1 3 illustrates a capacitively coupled reactive 
ion etch reactor having a conductive top lid 160 sup- 
ported on the insulating side wall 104 and serving as 
a grounded anode and an energized cathode base 
113 supporting the wafer pedestal 112. Processing 35 
gases are introduced through holes 164 in the top lid 
160. One problem with such reactors is that corrosive 
materials are produced by reactions taking place at 
the surface of the wafer 110, and the plasma pro- 
duced from gases introduced through the top lid 160 40 
tend to be corrosive, such corrosive materials tending 
to attack the walls 1 04 of the reactor chamber 1 02. As 
a result, the walls 104 and other parts of the reactor 
must be periodically replaced at great expense. This 
greatly increases the cost of operating such a reactor. 45 

In order to reduce such cost, the chamber walls 
104 are shielded from such corrosive materials by a 
disk-shaped gas distribution plate 170 underlying the 
top lid 160 and a cylindrical gas distribution plate 
(GDP) focus ring 1 72 generally concentric with the fo- 50 
cus ring 114 and extending therefrom to the gas dis- 
tribution plate 170. In the illustration of FIG. 13, the 
focus ring 114 is of the embodiment of FIG. 12, al- 
though the embodiment of FIG. 13 can be implement- 
ed with any one of the other focus rings described 55 
above with reference to FIGS. 2-12. Gas injection or- 
ifices or holes 174 through the gas distribution plate 
170 are confined to the area surrounded by the GDP 



focus ring 172, so that the processing gases intro- 
duced through the top lid 160 are generally confined 
awayfromthe chamber walls 104. Because the pump 
1 25 tends to draw all gases in the chamber 1 02 down- 
wardly, it is not particularly necessary that there be a 
perfect seal between the pedestal focus ring 114 and 
the GDP focus ring 172 in order to effectively shield 
the chamber walls from the reactants emanating from 
the wafer 110 as well as from the processing gases 
introduced through the top lid 160. 

Such shielding not only reduces the corrosive 
wear of the chamber walls but also reduces the 
amount of contamination deposited on the chamber 
walls, thereby decreasing the amount of time required 
to clean the reactor chamber, typically by a factor of 
about 4 (e.g., from 8 hours to 2 hours), a significant 
advantage. 

A related advantage is that the shielding compo- 
nents, including the gas distribution plate 170, the 
GDP focus ring 172 and the like are replaced period- 
ically at much lower cost than the side walls of the 
chamber. Typically, the gas distribution plate 1 70 and 
the GDP focus ring 172 are made of anodized alumi- 
num and are modular in order to facilitate easy remov- 
al and replacement. 

FIG. 14 illustrates an alternative embodiment in 
which the GDP focus ring 172 is in the shape of an in- 
verted truncated cone and the pedestal focus ring 114 
has a truncated conical top portion 114e whose inner 
edge 114f at least nearly meets the bottom portion of 
the inverted truncated conical GDP focus ring 172. 

FIG. 15 illustrates an embodiment in which the 
gas distribution plate 170 includes a sunken center 
section 180 consisting of a vertical GDP ring 182 con- 
centric with a circular opening 184 in the gas distrib- 
ution plate 170 and extending downwardly therefrom 
and a GDP floor 186 suspended from the bottom of 
the vertical GDP ring 182, the floor having orifices 
1 88 extending therethrough to permit processing gas- 
es introduced through the top lid 160 to reach the wa- 
fer 1 1 0. An annulus 1 90 extends from the pedestal fo- 
cus ring 114 toward the vertical GDP ring 182. 

In the embodiment of FIG. 16, a GDP focus plate 
192 having orifices or holes 194 extending there- 
through rests directly on the focus ring 114. In the re- 
lated embodiment of FIG. 17, the vertical GDP focus 
ring 1 82 of FIG. 1 5 extends downwardly from the gas 
distribution plate 170 toward the GDP focus plate 
192. In the embodiment of FIG. 18, the GDP focus 
ring 182 assumes an inverted truncated conical 
shape. 

The embodiment of FIG. 17 is modified in FIG. 19 
by eliminating the GDP focus ring and substituting in- 
stead thereof the gas distribution plate 1 70 of FIG. 1 5 
having the sunken center section 180 including the 
vertical GDP ring 182 and GDP floor 186 facing the 
GDP focus plate 192. 

The pedestal focus ring, the gas distribution 
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plate, the gas distribution focus ring and their compo- 
nent parts may be made of anodized aluminum. If the 
wafer 110 is an 8-inch diameter wafer, then the ped- 
estal focus ring 114 has a vertical height of about 0.5 
to 1.0 inch above the plane of the wafer. Typically, the 5 
chamber ceiling is about 3 inches above the wafer 1 1 0 
while the focus ring is about 1 .5 inches inboard of the 
chamber sidewalk 

While the invention has been described in detail 
by specific reference to preferred embodiments, it is 10 
understood that variations and modifications thereof 
may be made without departing from the true spirit 
and scope of the invention. 



Claims 

1. A plasma reactor for processing a semiconductor 
wafer, said reactor having a pedestal focus ring 
surrounding the periphery of the wafer and pas- 20 
sage means within said pedestal focus ring for 
permitting passage therethrough of particulate 
contamination. 

2. The plasma reactor of Claim 1 further compris- 25 
ing: 

a gas distribution plate near a ceiling of 
said reactor having gas injection orifices therein; 
and 

means extending between said gas dis- 30 
tribution plate and said pedestal focus ring for 
shielding side walls of said plasma reactor from 
reactive gases associated with processing of said 
semiconductor wafer. 

35 

3. The reactor of Claim 1 further comprising a ped- 
estal supporting said wafer and wherein said fo- 
cus ring comprises: 

plural supporting posts extending to a 
height above a plane of said wafer and surround- 40 
ing said wafer; 

an annulus resting on said supporting 
posts; and 

a vertical ring wall extending downwardly 
from an inner edge of said annulus facing said 45 
wafer toward said pedestal and surrounding said 
wafer, and wherein said passage means compris- 
es a space between a bottom edge of said verti- 
cal ring wall and said pedestal. 

50 

4. The reactor of Claim 1 wherein said pedestal fo- 
cus ring comprises a base annulus surrounding 
said wafer and a cylindrical ring wall extending 
upwardly near said base annulus, and wherein 
said passage means comprise plural openings 55 
extending through said base annulus. 

5. The reactor of Claim 4, wherein said focus ring 



further comprises: 

plural supporting posts extending upward- 
ly from said base annulus to a height above a 
plane of said wafer and surrounding said wafer; 

an upper annulus resting on said support- 
ing posts; and 

a vertical ring wall extending downwardly 
from an inner edge of said upper annulus facing 
said wafer toward said base annulus and sur- 
rounding said wafer, and wherein said passage 
means further comprises a space between a bot- 
tom edge of said vertical ring wall and said base 
annulus. 

6. The reactor of Claim 4, wherein said focus ring 
further comprises: 

an upper annulus resting on a top edge of 
said cylindrical ring wall; and 

a second vertical ring wall extending 
downwardly from an inner edge of said upper an- 
nulus facing said wafer toward said base annulus 
and surrounding said wafer, and wherein said 
passage means further comprises a space be- 
tween a bottom edge of said second vertical ring 
wall and said base annulus. 

7. The reactor of Claim 1 further comprising an ex- 
ternal wafer transfer slit valve, and wherein said 
focus ring has a slit opening therethrough in reg- 
istration with said slit valve. 

8. The reactor of Claim 2 wherein said means for 
shielding comprises a gas distribution focus ring 
concentric with and extending toward said pedes- 
tal focus ring. 

9. The reactor of Claim 8 wherein said gas distribu- 
tion focus ring is one of the following shapes: (a) 
cylinder, and (b) inverted truncated cone. 

10. The reactor of Claim 2 wherein said means for 
shielding comprises a sunken portion of said gas 
distribution plate extending away from said ceil- 
ing and toward said pedestal focus ring. 

11. The reactor of Claim 10 wherein said sunken por- 
tion of said gas distribution plate comprises a cyl- 
indrical wall and a floor having gas flow passages 
therethrough, and wherein said pedestal focus 
ring comprises an annulus supported along a top 
edge thereof and extending toward said cylindri- 
cal wall of said gas distribution plate. 

12. The reactor of Claim 2 wherein said means for 
shielding comprise a focus plate overlying said 
wafer over a top edge of said pedestal focus ring, 
said focus plate having gas flow passages there- 
through. 
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13. The reactor of Claim 12 further comprising a gas 
distribution focus ring extending from said gas 
distribution plate toward said focus plate. 

14. The reactor of Claim 13 wherein said gas distrib- s 
ution plate, said focus plate, said gas distribution 
focus ring and said pedestal focus ring all have 
circular cross sections. 

15. The reactor of Claim 13 wherein said gas distrib- 
ution plate, said focus plate and said pedestal fo- 
cus ring all have circular cross-sections, while 
said gas distribution focus ring has an inverted 
truncated conical shape. 

16. The reactor of Claim 12 further comprising a 
sunken portion of said gas distribution plate ex- 
tending toward said focus plate, said sunken por- 
tion of said gas distribution plate having gas flow 
passages therethrough. 

17. A plasma reactor for processing a semiconductor 
wafer, said reactor having a pedestal focus ring 
surrounding the periphery of the wafer and an ex- 
ternal wafer transfer slit valve, said pedestal fo- 25 
cus ring having a slit opening therethrough in reg- 
istration with said slit valve of said reactor. 



22. The reactor of Claim 21 wherein said means for 
shielding comprises a gas distribution focus ring 
concentric with and extending toward said pedes- 
tal focus ring. 

23. The reactor of Claim 22 wherein said gas distrib- 
ution focus ring is one of the following shapes: (a) 
cylinder, and (b) inverted truncated cone. 



26. The reactor of Claim 21 wherein said means for 
shielding comprise a focus plate overlying said 
wafer over a top edge of said pedestal focus ring, 
said focus plate having gas flow passages there- 
through. 



10 24. The reactor of Claim 21 wherein said means for 
shielding comprises a sunken portion of said gas 
distribution plate extending away from said ceil- 
ing and toward said pedestal focus ring. 

15 25. The reactor of Claim 24 wherein said sunken por- 
tion of said gas distribution plate comprises a cyl- 
indrical wall and a floor having gas flow passages 
therethrough, and wherein said pedestal focus 
ring comprises an annulus supported along a top 
20 edge thereof and extending toward said cylindri- 
cal wall of said gas distribution plate. 



18. The reactor of Claim 17 further comprising a tun- 
nel between said slit valve and said slit opening 
of said focus ring. 



27. The reactor of Claim 26 further comprising a gas 
distribution focus ring extending from said gas 
distribution plate toward said focus plate. 



19. The reactor of Claim 18 further comprising plural 
openings through a floor of said tunnel for permit- 
ting withdrawal of particulate contamination from 
within said tunnel. 



28. The reactor of Claim 27 wherein said gas distrib- 
ution plate, said focus plate, said gas distribution 
focus ring and said pedestal focus ring all have 
circular ci 



20. The reactor of Claim 1 9 further comprising a rear 
opening in said focus ring opposite said slit open- 
ing for accommodating a wafer blade during in- 40 
sertion of a wafer into said reactor, a compart- 
ment surrounding said rear opening and plural 
openings through a floor of said compartment for 
permitting withdrawal of particulate contamina- 
tion from within said compartment. 45 

21. A plasma reactor for processing a semiconductor 
wafer, said reactor comprising: 

a pedestal focus ring surrounding the per- 
iphery of the wafer; 50 

a gas distribution plate near a ceiling of 
said reactor having gas injection orifices therein; 
and 

means extending between said gas dis- 
tribution plate and said pedestal focus ring for 55 
shielding side walls of said plasma reactor from 
reactive gases associated with processing of said 
semiconductor wafer. 



29. The reactor of Claim 27 wherein said gas distrib- 
ution plate, said focus plate and said pedestal fo- 
cus ring all have circular cross-sections, while 
said gas distribution focus ring has an inverted 
truncated conical shape. 

30. The reactor of Claim 26 further comprising a 
sunken portion of said gas distribution plate ex- 
tending toward said focus plate, said sunken por- 
tion of said gas distribution plate having gas flow 
passages therethrough. 
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